In the present paper, we based a search for candidates underlying different levels of salinity tolerance during germination in the Oregon Wolfe Barley mapping population (DOM ¥ REC) by proteomic profiling of the mature grain of lines showing differing levels of salinity tolerance. By contrasting the parents DOM and REC, displaying divergent stress responses, and two tolerant and two sensitive segregants, six protein spots were identified that showed a differential abundance between the tolerant and the sensitive lines. The tolerant lines expressed a higher level of 6-phosphogluconate dehydrogenase and glucose/ribitol dehydrogenase (Glc/RibDH). Both proteins were heterologously over-expressed in an osmo-sensitive yeast strain and over-expression of Glc/RibDH resulted in an enhanced ability of yeast transformants to grow on salt containing media. A quantitative trait locus (QTL) analysis of the population germinating at different salt concentrations led to the identification of two chromosome regions on 5H and one on 7H associated with salt stress response. A dense barley transcript map was employed to map the genomic region of all identified proteins. Two of these, heat-shock protein 70 and Glc/RibDH, co-localized with the identified QTL on chromosome 5H. The putative functional role of the candidates is discussed.
INTRODUCTION
Salinity is one of the most severe abiotic factors threatening agriculture worldwide, whether the occurrence is natural or arose from landscape clearing and irrigation of cultivated land. Natural tolerance to soil salinity is present in some plant species, but despite a growing investment in salinityrelated research, much of the mechanisms underlying tolerance remain unclear. Salt tolerance is a multigenic trait, comprising ion partitioning within the plant, osmotic adjustment and morphological changes at both the cellular and subcellular levels (Munns 2005) . Mechanisms which allow the maintenance of growth rate under stress conditions tend to limit the entry of salt into the plant and avoid toxic ion concentrations in the cytosol. A number of expression studies have sought to identify both candidate gene and gene products in a range of crop and model plants (Apse & Blumwald 2002; Wang, Vinocur & Altman 2003; Sahi et al. 2006; Vij & Tyagi 2007) . Among these, genes controlling salt uptake and transport, affecting cellular osmosis or promoting plant growth in saline soil have been prominent (Munns 2005) . Over-expression or knockout experiments for some of these genes contributed to the understanding of salt tolerance mechanisms, but, probably due to the complexity of the trait, there is no good example as yet of the directed development of salt-tolerant crops with wild-type performance in the field when the stress is absent (Flowers 2004; Shabala & Cuin 2008) .
Barley is considered to be one of the most salinity tolerant of the cereals and cultivars display different levels of tolerance towards salinity (Weidner et al. 2006) . Previous studies have been devoted to elucidate salt stress-induced transcriptional changes in barley cultivars Golden Promise (Walia et al. 2007) , Haruna-nijyo (Ueda et al. 2006) , Morex (Walia et al. 2006) and Tokak (Ozturk et al. 2002) and resulted in the identification of novel gene candidates associated with salinity stress. A high degree of genetic variation has been widely documented for mapping populations and, therefore, the employment for gene and gene product identification improving desirable traits has been attempted (Francia, et al. 2007; Furukawa et al. 2007; Gyenis et al. 2007; Marcel et al. 2007; Nduulu et al. 2007 ). This variation is even more apparent when both parents show a contrasting phenotype for the respective trait as shown for the Oregon Wolfe Barley (OWB) mapping population. The OWB population was the first one to be established and aimed at mapping morphological traits by crossing dominant and recessive genetic marker stocks (Wolfe & Franckowiak 1991) . The parents of the OWB population, DOM and REC, respond differentially in terms of germination under saline conditions (Weidner et al. 2006) . Based on this observation, we previously carried out a comparative proteome analysis of DOM and REC, and revealed a high level of cultivar-specific protein expression in the grain (Witzel et al. 2007) .
The mature barley grain is of high importance in feed and malting processes, and proteins present in the grain also determine the plant's performance during germination and affect the final crop productivity. Barley grain proteins fall into three groups according to their function: storage proteins, structural and metabolic proteins as well as protective proteins (Shewry & Halford 2002) . The storage proteins are alcohol soluble and account for 30-50% of total grain protein. During germination and seedling growth, they function as source of amino acids and determine the nutritional quality of the grain. Albumins and globulins are soluble in water and dilute saline. Those proteins control metabolic and cellular processes; therefore, they are of high interest when investigating germination under salinity stress. Two-dimensional gel electrophoresis (2-D GE) was applied to establish proteome maps of the temporal and spatial distribution of albumins and globulins in mature grains (Østergaard et al. 2002) , during maturation (Finnie et al. 2002) and germination (Bønsager et al. 2007 ) and provided insights into protein allocation.
The objective of the present study was first to identify differentially expressed proteins in the mature grains of salt-tolerant and salt-sensitive lines of OWB population. The choice of target for the proteomic analysis was governed by the recognition that the quality of a seedling emerging from a saline soil represents an important agronomic trait. For a better biochemical characterization of the complex trait, firstly, we decided to analyse the protein complement of individual lines, rather than to investigate bulked accessions with the same trait for salt stress response as it was done before in a study on boron tolerance (Patterson et al. 2007) . Some candidates emerging from this analysis were functionally tested by their heterologous expression in yeast. Secondly, we wished to define the genetic basis of the differential salinity tolerance at the germination stage in the OWB mapping population by quantitative trait loci (QTL) analysis. Finally, we have compared the location of the genetic regions associated with salinity tolerance with the location of genes encoding the candidate salinity tolerance-associated proteins.
MATERIAL AND METHODS

Plant material
A mapping population consisting of 94 doubled-haploid (DH) lines was developed from the cross DOM ¥ REC using the Hordeum bulbosum method (Costa et al. 2001) . Characteristics of DOM and REC, which were selected as dominant and recessive morphological marker stocks, are described in Wolfe & Franckowiak (1991) .
Yeast strain and cultivation
Over-expression of full-length barley cDNAs was achieved in Saccharomyces cerevisiae strain YSH818 (MATa leu2-3/ 112 ura3-1 trp1-1 his3-11/15 ade2-1 can1-100 GAL SUC2 hog1D::LEU2) (Albertyn et al. 1994) . Yeast cultures were maintained by growing under selective conditions on synthetic dextrose minimal medium (0.67% bacto-yeast nitrogen base without amino acids, 1.6% bacto-agar) at 30°C with 2% glucose as a carbon source and the provision of amino acids (20 mg L -1 adenine sulphate, 20 mg Boer et al. 2004) . Either 2 or 3% NaCl was added to the medium to impose salinity stress.
Germination assay for testing salt tolerance
A total of 92 DH lines from the OWB mapping population and their parents DOM and REC were subjected to salt stress during germination. Two replicates each of 10 grains per genotype were germinated in the presence of 1.5, 2.0, 2.5% NaCl solution or distilled water as control on filter paper in plastic boxes. The chosen concentrations reflect the wide variation in salt tolerance which is expected for Hordeum species (Mano, Nakazumi & Takeda 1996; Garthwaite, von Bothmer & Colmer 2005) . After 10 days at 20°C and a 12 h photoperiod, germination was scored in accordance to the scheme of Mano et al. (1996) .
Protein extraction for 2-D GE
Mature grains of selected lines from the OWB mapping population (OWB21, OWB34, OWB59 and OWB73) including parents DOM and REC were obtained from field-grown plants. Extraction of the albumin and globulin fraction was done following the protocol of Østergaard et al. (2002) . Approximately 1 g of grain was ground under liquid nitrogen, and 250 mg of the resulting flour was thawed in 1250 mL of 5 mm Tris-HCl, pH 7.5, 1 mm CaCl2, and incubated for 30 min at 4°C. After a centrifugation for 15 min at 4°C, the supernatant was mixed with four volumes of ice-cold acetone and incubated at -20°C for 2 h.
Proteins were pelleted by centrifugation (5 min, 4°C), dried by vacuum centrifugation and dissolved in 8 m urea, 2% CHAPS, 20 mm DTT, 0.5% IPG buffer by incubation for 1 h at 37°C. Insoluble material was removed by centrifugation (15 min, room temperature). The protein concentration was determined using the 2-D QUANT KIT (GE Healthcare, http://www.gehealthcare.com) according to the manufacturer's instructions.
2-D GE and protein staining
Protein extracts were subjected to isoelectric focusing and subsequent sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) as described in . A 150 mg sample was loaded by rehydration onto IPG strip of 13 cm length with a pH gradient of 3-10. The separation on an IPGphor II unit (GE Healthcare) was performed with the following parameters: 15 h rehydration, 1 h gradient to 250 V, 1 h gradient to 500 V, 1 h gradient to 4000 V and 5.30 h 4000 V with a total of about 25 kVh. Strips were equilibrated in 50 mm Tris-HCl, pH 8.8, 6 m urea, 30% v/v glycerine, 2% w/v SDS, 20 mm DTT, 0.01% bromphenol blue, and, subsequently, in 50 mm Tris-HCl, pH 8.8, 6 m urea, 30% v/v glycerine, 2% w/v SDS, 135 mm iodoacetamide, 0.01% bromphenol blue for 15 min each at room temperature. The strips were then placed over an 11.25% SDS polyacrylamide gel, covered with 0.5% agarose and electrophoresed using a Hoefer S600 apparatus (GE Healthcare). Before staining, the gels were washed in water for 5 min.
The fluorescent stain was prepared as follows (Rabilloud et al. 2001) : 0.2 g of potassium pentachloro aquo ruthenate (K2Cl5Ru*H2O; Alfa Aesar, http://www.alfa-chemcat.com) was dissolved in 20 mL boiling water under reflux, after which, 0.8 g bathophenanthroline disulfonate was added, and the solution was kept under reflux for additional 20 min. Following this, 5 mL of 500 mm sodium ascorbate solution was added and the mixture was refluxed for further 20 min. The solution was then chilled on ice and the pH was carefully adjusted to 7.0 with NaOH. The volume was adjusted to 26 mL to give a stain concentration of about 20 mm (Rabilloud et al. 2001) . Aliquots were stored at -20°C.
With some minor modifications, the staining protocol of Lamanda et al. (2004) was used for protein visualization. In short, gels were incubated overnight at 4°C in 30% EtOH, 10% acetic acid, washed four times for 30 min with 20% EtOH and stained in 1 mm RuBP solution in 20% EtOH for 6 h in the dark. Gels were washed for 10 min with water and destained overnight at 4°C in 40% EtOH, 10% acetic acid. Prior to scanning, the gels were equilibrated twice in water for 10 min.
Image acquisition and analysis
A Fuji FLA-5100 (Fuji Film, http://www.fujifilm.com) equipped with the Image Reader FLA-5000 v1.0 software (Fuji Film, http://www.fujifilm.com) was used for image acquisition. Scanning parameters were resolution 100 mm, 16 bit picture, excitation wavelength 473 nm, emission filter 580 nm. The Progenesis PG220 v2006 software (Nonlinear Dynamics, http://www.nonlinear.com) was used for the 2-D image analysis with the following parameters: background subtraction method was mode of non-spot with margin 45, spot matching with vector box size 12 and search box size 64, normalization method was total spot volume multiplied by 100 and no spot filtering. Normalized spot volumes were compared for salt-tolerant lines (REC, OWB34, OWB59) and salt-sensitive lines (DOM, OWB21, OWB73), and significant changes were determined using t-test.
Mass spectrometry
Selected spots were excised manually from the gel using a standard ultraviolet light box, washed and digested with trypsin as described in Witzel et al. (2007) . Peptide mass fingerprint data were acquired from a REFLEX III matrixassisted laser desorption ionization time-of-flight mass spectrometer (Bruker Daltonics, http://www.bdal.com) operating in reflector mode. Spectra were calibrated using external calibration and subsequent internal mass correction. Protein identification was performed with the MASCOT search engine (Matrix Science, http://www. matrixscience.com) searching for Viridiplantae in the National Center for Biotechnology Information (NCBI) non-redundant protein sequence database and for barley expressed sequence tag (EST) Gene Index in the The Institute for Genomic Research (TIGR) database. Search parameters were: mono-isotopic mass accuracy, 100-200 ppm tolerance, one missed cleavage, allowed variable modifications oxidation (Met), propionamide (Cys) and carbamidomethyl (Cys).
When identification was unsuccessful, samples were subjected to nano liquid chromatography electrospray ionization quadrupole time-of-flight tandem mass spectrometry analysis and de novo sequencing according to Amme et al. (2006) . The MS/MS spectra searches were conducted against a protein Viridiplantae index of the non-redundant NCBI database and the barley EST Gene Index in the TIGR database. A 10 ppm peptide, 0.1 Da fragment tolerance, one missed cleavage and variable oxidation (Met) and propionamide (Cys) were used as the search parameters.
Statistical analysis and QTL mapping
The QTL analyses were performed in two steps using QGENE software (Nelson 1997) . A preliminary analysis based on a skeletal map developed by Costa et al. (2001) was able to define chromosomal location but allowed only a minimal level of intra-chromosomal resolution. This was followed by a second analysis based on a 1000 gene-based marker map , which provided sufficient detail for the localization of the QTL together with the gene function of the detected markers.
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RESULTS
Germination test of the OWB population for salinity tolerance
The effect on germination and seedling growth after 10 days exposure to salinity stress is shown in Fig. 1 . Increasing salt concentration decreased the germination rate and subsequent seedling growth. Figure 2 tabulates the mean performance of each line in the form of a cumulative germination score across all the salt concentrations tested. OWB segregants with a high cumulative score under salinity stress were able to develop further than those having a low germination score. All the lines were able to germinate at 1.5% NaCl, while 2.0% NaCl provided the maximum discrimination between lines. At 2.5% NaCl, only the most tolerant lines were able to survive. The REC parent exhibited a better salinity tolerance than the DOM parent. About 20% of the DH lines were more tolerant than REC and 44% responded more sensitive than DOM.
Comparative proteome analysis of mature grains
The water-soluble fraction from the mature grain of salttolerant (REC, OWB34, OWB59) and salt-sensitive (DOM, OWB21, OWB73) lines was investigated using 2-D GE. On average, about 1000 protein spots could be detected per line and per gel, and representative images from 2-D gels are shown in Fig. 3 . A comparison between the parental proteomes revealed that, at a threshold of 1.5-fold, 228 proteins were more abundant in DOM and 108 in REC. The number of differentially expressed proteins decreased considerably when the other four DH lines were included in the analysis (Table 1) . When analysing trait-specific protein expression, we found that six and five spots were more abundant in sensitive and tolerant lines, respectively. The example illustrated in Fig. 4 shows the abundance and normalized volumes of spots #8 and #9. The former was only detected in the sensitive lines, while the latter was more highly expressed in the tolerant ones.
Mass spectrometry-based identification of differentially expressed proteins
The 11 differentially expressed proteins taken forward for identification are shown in Fig. 5 . The respective spots were collected from gels of all lines under investigation to confirm the spot identity. When spot identification based on peptide mass fingerprinting of tryptic peptides was not successful, de novo sequencing was attempted, allowing database searches for homologous sequences from related plant species. Six of the 11 proteins were successfully identified; this rather low proportion reflects in part the limited number of barley protein and EST sequences in the public domain and, in part, the high level of stringency applied by only accepting as valid an identification that was confirmed across all lines. Four of the spots contained unique proteins: cytosolic 6-phosphogluconate dehydrogenase (6PGDH) (#3), elongation factor 1b (#7), heat-shock protein (Hsp) 70 (#8) and a translationally controlled tumour protein homolog (#10) ( Table 2) ; spots #6 and #9 both contained a glucose and ribitol dehydrogenase (Glc/RibDH) homolog. Except for spots #8 and #9, the predicted molecular mass and isoelectric point of these proteins were in agreement with their 2-D GE migration.
Functional analysis of candidate proteins in yeast
A functional analysis of the two proteins which were more abundant in the grain of tolerant lines (6PGDH and Glc/ RibDH) was carried out via their heterologous overexpression in S. cerevisiae. The full gene sequence for these proteins was obtained from a BLAST search of the CR-EST database (http://pgrc.ipk-gatersleben.de/crest/ index.php). Specifically, the nucleotide sequence of EST HS09N23 was 99% identical with that of the derived sequence of Glc/RibDH, while that of HI05J23 was 99.5% identical with that of the derived sequence of 6PGDH. pYES-DEST52 plasmids containing either Glc/RibDH or 6PGDH were introduced into the osmo-sensitive yeast strain YSH818 (Dhog1) (Boer et al. 2004) . Transformants expressing 6PGDH were not able to grow on agar plates containing 2 and 3% NaCl, whereas the over-expression of Glc/RibDH enhanced the level of salinity tolerance, allowing cell growth even at the presence of 3% NaCl (Fig. 6 ).
QTL analysis of the OWB population for salinity tolerance and the assignment of the chromosomal location of genes encoding candidate proteins for salinity tolerance
An initial QTL analysis based on the classical map (Costa et al. 2001 ) revealed one major salinity tolerance locus on chromosome 5H and a second on chromosome 7H. The definition of both QTL was clearest under the highest level of stress (Fig. 7) . However, the extent of the trait/marker correlation was insufficient to allow marker-assisted selection, because of the size of the genetic intervals in the key regions. The use of a more densely populated gene-based over-expression of 6-phosphogluconate dehydrogenase (6PGDH) and glucose and ribitol dehydrogenase (Glc/RibDH). Yeast cultures (3 ¥ 10 6 cells mL -1 ) were spotted in serial 10-fold dilutions onto agar plates containing 0, 2 and 3% NaCl, and incubated for 4 days at 30°C before photographs were taken. As vector control served the pYES vector without insertion. (*) present only in the sensitive lines; column 3: fold change of the spot, based on normalized spot volumes; column 4: P-value as determined by t-test, column 5: spot identity based on MS analysis and the source species of the orthologue; column 6: TIGR EST and NCBI non-redundant protein database accession number; column 7: predicted isoelectric point (pI) and molecular weight (MW) as calculated using ExPASy tools (http://www.expasy.ch). Hsp, heat-shock protein; LC-ESI-Q-TOF MS, liquid chromatography electrospray ionization quadrupole time-of-flight mass spectrometry; MALDI-TOF-MS, matrix-assisted laser desorption ionization time-of-flight mass spectrometry.
map confirmed the importance of chromosomes 5H and 7H. Two separate QTL were detected on the former chromosome, along with a minor QTL on each of chromosomes 7H and 2H. One of the chromosomes 5H QTL was responsible for 42% of the phenotypic variation, and was consistently identifiable across all NaCl concentrations. The closest markers to this locus were GBS0318 (EST: AL511699) and GBR0227 (EST: AL502175) (Fig. 8) . The functions of these two ESTs were, respectively, 'hypersensitive-induced reaction protein 3' and 'mitogen-activated protein kinase kinase kinase 11' (MAP3K11). Previously reported markers for grain yield LOD 10.14 3.0
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1.5% 2.0% 2.5% under salinity stress on chromosome 2H were not identified (Eleuch et al. 2008) . Using the fine-scale barley genetic map , both encoding loci for Hsp 70 and Glc/RibDH were assigned a firm genetic location. The inferred nucleotide sequence of Hsp 70 had a BLAST score of 154 and an e-value of 9.00E-46 when compared to that of EST 500877 (marker GBR0304); similarly, the Glc/RibDH sequence is highly homologous to EST 502447 (marker GBR1151) at high BLAST score (192) and high e-value (5.00E-48). GBR1151 and GBR0304 both map to chromosome 5H at, respectively, positions 153.7 and 176.6 cM, which is the same genomic region where a major salinity tolerance QTL was mapped (Fig. 8) .
DISCUSSION
Proteomic analysis of the mature grain reveals candidates for salinity stress
The mature barley grain is of high importance in feed, food and malting industries, and proteins present in the grain contribute to the ability to germinate even under unfavourable environmental conditions. The comparative analysis of proteins in the water-soluble fraction of grains from salinity tolerant and sensitive lines led to the identification of differentially expressed proteins. One of the proteins present in enhanced abundance in the salinity tolerant entries was a cytosolic 6PGDH, an enzyme involved in the pentose phosphate pathway. The function of this pathway is to provide reduced nicotinamide adenine dinucleotide phosphate (NADPH) used as electron donor in reductive biosynthetic reactions like synthesis of lipids, aromatic amino acids and coenzymes. It is also essential for the functioning of the ascorbate-glutathione cycle, an important component of the plant antioxidant protection system (Corpas et al. 1998) . The expression of NADPH-dependent dehydrogenases is enhanced by both oxidative and salinity stress, as, for example, in olive, where salinity stress increases the activity of glucose-6-phosphate dehydrogenase, isocitrate dehydrogenase and malic enzyme (Valderrama et al. 2006; Fu-Yun et al. 2007) . Similarly, salinity treatment of rice rapidly induces 6PGDH transcription (Huang et al. 2003; Fu-Yun et al. 2007; Hou et al. 2007) . Thus, the association of higher levels of 6PGDH expression in the mature grain of salinity tolerant barleys, as observed in the present experiments, may indicate that the tolerant lines possess a more active enhanced pentose phosphate pathway.
The second protein with higher abundance was orthologous to a bacterial Glc/RibDH, a class of proteins belonging to short alcohol dehydrogenases (Jornvall et al. 1984) . Both Glc/RibDH transcripts and protein were found in developing barley embryos, and the level of transcript was observed to decrease during germination (Alexander et al. 1994) . Glc/RibDH catalyses the oxidation of D-glucose (but not sugar phosphates) using NAD as co-substrate, and the specificity was determined by enzymatic assays. This substrate specificity suggests the presence of a novel metabolic pathway in barley, and that a specific carbohydrate metabolism may be important for early embryo development. The up-regulation of Glc/RibDH in the grain of tolerant genotypes is indicative of an enhanced carbohydrate metabolism, where sugars with osmo-protective function are synthesized. Glc/RibDH was present in two separate protein spots (#6 and #9), the gel migration position for one of which is consistent with the protein's properties deduced from the database sequence, whereas the other appears to have a lower molecular weight and a higher predicted isoelectric point. Neither peptide mass fingerprinting nor de novo sequencing were able to reveal any further insights into the structural integrity of the proteins present in these two spots, so it remains unresolved as yet whether they represent post-translational modification products or whether the protein is translated as multiple isomers.
Expression of Glc/RibDH complements an osmo-sensitive yeast phenotype
The yeast expression system is appropriate for the analysis of plant protein function, because of global commonality in signal transduction pathways and stress tolerance mechanisms that exist between these organisms (Serrano, CulianzMacia & Moreno 1999; Hohmann 2002; Quintero et al. 2002; Liu et al. 2007) . Functional complementation of an osmo-sensitive yeast strain was tested both for 6PGDH and Glc/RibDH. While yeast cells transformed with the former could not grow on NaCl-containing agar plates, overexpression of the latter increased the growth rate considerably. The enzyme 6PGDH is involved in the NADPH-dependent detoxification of reactive oxygen species (ROS). However, the negative effect of salinity stress on yeast involves osmotic maladjustment rather than ion toxicity and ROS generation, as the cell is well equipped with ion transporters which ensure the efficient transport of major cations (Serrano 2004) . Although the transgene failed to complement an osmo-sensitive yeast strain, its role in ion-specific stress reactions is worth to be investigated in planta. The over-expression of Glc/RibDH enhanced the growth of salinity-stressed yeast, which suggests a role in the accumulation of sugars with osmo-protective function. Osmotic shock is known to stimulate the glycolytic pathway, in response to the greater demand for energy needed for continued proliferation and biomass production under stressed conditions (Hohmann 2002) . Complementation of the osmo-sensitive effect in S. cerevisiae by Glc/ RibDH provides evidence for its role in augmenting salinity tolerance in barley.
QTL analysis of the OWB population for salt tolerance at the germination stage and candidate genes co-localizing with a QTL region
The Triticeae group 5 chromosomes have frequently been associated with QTL concerned with plant adaptation to Proteome analysis of contrasting barley genotypes 219 the environment (Cattivelli et al. 2002) . Here, we have shown that chromosome 5H carries one QTL for germination under salinity stress conditions in its centromeric region, and a second one on its long arm. In the 'SteptoeMorex' barley mapping population, a major salinity tolerance QTL was located near the centromere of 5H (Mano & Takeda 1997) , which is in line with the present conclusions from the OWB population. QTL important for the determination of osmotic stress resistance (Lohwasser & Börner 2007) and control of pre-harvest sprouting (Hori, Sato & Takeda 2007) in the OWB population have previously been identified in the same region. This indicates a more general stress response in the early phase of plant development.The marker GBS0318 with the function 'hypersensitive-induced reaction protein 3' would support this fact. The overexpression of such a protein in transgenic Arabidopsis seedlings resulted in slower germination and a growth retardation in the lateral roots in response to both salinity and osmotic stress (Jung et al. 2008) . The function of the second closely linked 'MAP3K11' marker GBR0227 is involved with the perception of extracellular stimuli and signal transduction. MAPK genes inducible by salinity stress have been identified on rice chromosomes 3, 5 and 6 (Rohila & Yang 2007) . According to our present understanding of orthology between rice and wheat chromosomes (Moore et al. 1995) and the synteny to other cereals, these regions are represented in barley by chromosomes 5H and 7H.
The availability of the transcript map of barley provided the opportunity to locate the position of candidate genes for salinity tolerance on the barley genetic map. Both this analysis and the present re-analysis have placed the key QTL in the same genomic region where the genes encoding Hsp 70 and Glc/RibDH also map. Validation of these candidate genes requires either their expression profiling across the full mapping population and/or transgenic approach where each of the genes is over-expressed separately and together in a salinity-sensitive cultivar. Neither of these experiments represents a trivial investment in time and resources. For the moment, we suggest that there is sufficient evidence for these proteins to have a role in enhancing salinity tolerance. As both the genes are marked by well-characterized assays (GBR0304 and GBR1151), a direct outcome of the study would be to use these as a means of applying marker-assisted breeding for salinity tolerance in barley (Varshney, Graner & Sorrells 2005) .
Salinity tolerance is a multigenic trait controlled by a range of gene products expressed at various developmental stages of the plant. To detect proteins which contribute to salinity tolerance at the seedling stage, we will extend the analysis from the mature to the salinity-stressed germinating grain.
